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Introduction {#sec005}
============

Marijuana is the most popular drug of abuse in the United States and the prevalence of its use has been on the rise among both adolescents and adults \[[@pone.0228326.ref001]\]. Inhalation or ingestion of cannabis leads to a myriad of physiological changes, most commonly tachycardia modulated by increased sympathetic activity. It may also cause increased systolic and diastolic blood pressures in supine individuals, orthostatic hypotension and orthostatic pre-syncope. A decreased left ventricular ejection fraction, end diastolic volume and stroke volume have also been observed in subjects using marijuana. Cardiac output remains unaffected as stroke volume and heart rate change in opposite directions \[[@pone.0228326.ref002]\].

Smoking of marijuana has been reported as a trigger of acute myocardial infarction (MI) in 3.2% of 3,882 patients interviewed by Mittleman et al. Their study also reported that the risk of onset of MI is elevated 4.8 times in the first hour after marijuana use and rapidly decreases thereafter \[[@pone.0228326.ref003]\], which may be explained by marijuana induced coronary vasospasm \[[@pone.0228326.ref004]\]. Despite similar findings reported elsewhere \[[@pone.0228326.ref002], [@pone.0228326.ref005]\], evidence on the association of marijuana with the development of coronary artery atherosclerotic disease has not yet been fully elucidated. A systematic review of 24 articles by Ravi et al. assessed the effect of marijuana on cardiovascular risk factors and outcomes and reported that evidence in published literature is insufficient to make any conclusions \[[@pone.0228326.ref006]\]. This lack of knowledge is alarming as CAD is a major cause of morbidity and mortality in developed countries. Currently, the well-established risk factors of CAD include diabetes, hypertension, high total cholesterol, low HDL level, smoking tobacco and advanced age \[[@pone.0228326.ref007]\].

This retrospective study aims to determine the frequency of CAD among young adults presenting with chest pain who currently use marijuana as compared to nonusers. Only young adults were assessed in this study because of the high prevalence of marijuana use among this subpopulation \[[@pone.0228326.ref008]\].

Materials and methods {#sec006}
=====================

Patients {#sec007}
--------

The study protocol was approved by the Institutional Review Board (IRB) at AdventHealth Orlando, Florida, USA. It was performed in compliance with the Health Insurance Portability and Accountability Act. The need for written informed consent was waived by IRB because of the study's retrospective nature and involvement of no more than minimal risk. All patients were from a single, large multihospital institution. A Montage^®^ search (Montage Healthcare Solutions, Philadelphia, PA, USA) of the radiology imaging database was performed for patients who had undergone coronary CT angiography for evaluation of undiagnosed chest pain or anginal equivalent between January 1, 2016, and January 15, 2017. The search was limited to patients between the ages of 18 and 40 for men, and 18 and 50 for women. This age group was selected based on results from previous research in our lab using data from this patient cohort \[[@pone.0228326.ref009]\]. Patients with the following criteria were excluded from the study: 1) known coronary artery disease, 2) lack of demographic information on electronic health records (EHR), or 3) lack of social history on EHR. Marijuana use was defined as either self-reported marijuana use or positive urine toxicology screening for marijuana during this encounter or a previous encounter within 1 year of the ED visit.

Other information also collected from EHR included: body mass index, diabetes mellitus, defined as self-reported diabetes mellitus or HbA1c \> 6.5%; hypertension, defined as self-reported hypertension, prior documented systolic blood pressure \>140 mmHg or diastolic blood pressure \> 90 mmHg; self-reported current or prior tobacco smoking; cocaine use was defined as either recent, within the past week, or remote, more than one week prior; lipid profile values obtained within 1 year of the coronary computed tomography angiography (CCTA) were also collected. "Premature CAD" was defined as coronary atherosclerosis on CCTA in men ≤ 40 years and women ≤ 50 years of age.

Coronary CT angiograms {#sec008}
----------------------

A majority of patients were imaged using Siemens SOMATOM Definition Flash (Erlangen, Germany) or Philips Ingenuity (Amsterdam, Netherlands) 128-row CT scanners. Contrast doses ranged between 80 and 150 mL of nonionic iodinated contrast; 30 mL saline flush was used to eliminate contrast from the right ventricle; contrast injection rate was 3--6 mL/sec; test bolus was used to calculate the peak contrast enhancement and determine the correct scan delay. Scan range was started below the tracheal bifurcation to the diaphragm or to the lower cardiac border. Imaging was started 9 mm above the ostium of the left main coronary artery or top level of the left anterior descending artery and continued to 9 mm below the inferior aspect of the heart. The following imaging parameters were used: 100 or 120 kVp; variable mAs; 0.28 sec rotation time; collimation, 128 x 0.6 mm; HR dependent pitch; HR dependent acquisition time. Patients were scanned throughout the cardiac cycle with a retrospective electrocardiogram (ECG) gated technique using dose-modulation. Reconstruction was performed using 0.75 mm slice thickness, 0.5 mm reconstruction spacing. To determine the phase of RR interval used for CAD analysis, variable phase was used depending on HR and motion artifact; most coronary artery segments were evaluated between 70--80% RR interval. Iterative reconstruction was performed with B26f ASA/I41f kernels. Curved multiplanar reformations, ventricular function and volume analysis, and assessment of wall motion abnormality was performed on a separate workstation using TeraRecon (Foster City, California, USA).

Image interpretation {#sec009}
--------------------

Each coronary artery was assessed based on the Coronary Artery Disease---Reporting and Data System (CAD-RADS) \[[@pone.0228326.ref010]\] by a board-certified, level II or level III trained, cardiac radiologist. Coronary artery disease (CAD) was defined as a CAD-RADS score of ≥1. Hemodynamically significant stenosis was defined as a CAD-RADS score of ≥3.

Statistical analysis {#sec010}
--------------------

All statistical analyses were performed with SPSS 21.0 (IBM, Armonk, NY, USA). Group comparisons were performed using Chi-square test for categorical variables and Mann-Whitney for continuous variables. Logistic regression was used to measure the strength of association of CAD and potential risk factors. Risk factors included in the logistic regression included other clinical variables determined to have a possible association with CAD on CCTA on univariate analysis: age, diabetes and hypertension. All tests were two-tailed and a p-value of 0.05 was selected for statistical significance.

Results {#sec011}
=======

The 1,420 patients included in this study had demographic and medical characteristics as displayed in [Table 1](#pone.0228326.t001){ref-type="table"}. Median age was 38 (range 18--50) with 50% female patients. A total of 201 (14.2%; 95% CI 12.44--16.07%) patients had coronary artery disease on the CCTA (CAD-RADS ≥ 1).

10.1371/journal.pone.0228326.t001

###### Demographic information.

![](pone.0228326.t001){#pone.0228326.t001g}

                                                          ALL (N = 1420)     Female (N = 711)    Male (N = 709)     p-value
  ------------------------------------------------------- ------------------ ------------------- ------------------ -------------------------------------------------
  **Continuous variables**                                **median (IQR)**   **median (IQR)**    **median (IQR)**   
  ***Age (years)***                                       38 (33--44)        46                  35 (30--38)        Not tested[\*](#t001fn001){ref-type="table-fn"}
  ***Framingham score (%)***                              .90 (.3--2.29)     0.50 (0.20--1.40)   1.40 (.50--3.95)   \<0.001
  ***Triglycerides (mg/dL)***                             120 (84--190)      112 (79--166)       129 (92--214.75)   \<0.001
  ***Total Cholesterol (mg/dL)***                         173 (149--201)     173 (151--200)      173 (148--202)     0.619
  ***HDL (mg/dL)***[†](#t001fn002){ref-type="table-fn"}   44 (35--54)        47 (39--59)         40.5(32--49)       \<0.001
  ***LDL (mg/dL)***[‡](#t001fn003){ref-type="table-fn"}   97 (77--121)       97.5 (76--120)      97 (78.5--122)     0.64
  **Categorical variables**                               **n (%)**          **n (%)**           **n (%)**          
  ***Hypertension***                                      543 (38)           307 (43)            236 (33)           \<0.001
  ***Diabetes***                                          190 (13)           122 (17)            68 (10)            \<0.001
  ***Previous Stroke***                                   46 (3.2)           35 (4.9)            11 (1.6)           \<0.001
  ***Anxiety***                                           260 (18)           159 (22)            101 (14)           \<0.001
  ***Tobacco Smoking***                                   512 (36)           196 (28)            316 (45)           \<0.001
  ***Cocaine Recent***                                    57 (4)             12 (2)              45 (6)             \<0.001
  ***Cocaine Remote***                                    72 (5)             16 (2)              56 (8)             \<0.001
  ***Marijuana Use***                                     146 (10)           33 (5)              113 (16)           \<0.001
  ***Obesity (\> 30 BMI)***                               749 (53)           421 (60)            328 (47)           \<0.001
  ***CAD-RADS ≥ 1***                                      201 (14.2)         100 (14.1)          101 (14.2)         0.922

\*Not tested: age distinction for men and women made by inclusion criteria.

^†^: High-Density Lipoprotein

^‡^: Low-Density Lipoprotein

A total of 146 (10.3%) of the 1,420 included patients were identified as marijuana users. On average, marijuana users were younger and more frequently male compared with nonusers. They had a higher frequency of tobacco smoking and a lower frequency of hypertension and diabetes. There was no statistical difference in lipid profile values between marijuana users and nonusers ([Table 2](#pone.0228326.t002){ref-type="table"}).

10.1371/journal.pone.0228326.t002

###### Selected demographic information comparison: Marijuana users vs nonusers.

![](pone.0228326.t002){#pone.0228326.t002g}

  Risk Factor                                                    Marijuana Users (N = 146)                                   Marijuana Nonusers (N = 1274)   p-value
  -------------------------------------------------------------- ----------------------------------------------------------- ------------------------------- ---------
  **Continuous variables**                                       **median (IQR**[\*](#t002fn001){ref-type="table-fn"}**)**   **median (IQR)**                
  ***Age*, *years***                                             36 (29--38)                                                 40 (34--34)                     \<0.001
  ***Triglycerides (mg/dL)***                                    113 (85.25--191.75)                                         118 (83--188)                   0.964
  ***Total Cholesterol (mg/dL)***                                162 (136.25--202)                                           173 (151--201)                  0.083
  ***HDL*** [†](#t002fn002){ref-type="table-fn"} ***(mg/dL)***   42 (34--51.5)                                               45 (35--54)                     0.212
  ***LDL*** [‡](#t002fn003){ref-type="table-fn"} ***(mg/dL)***   96 (66.5--120.5)                                            97 (78--121)                    0.210
  **Categorical variables**                                      **n (%)**                                                   **n (%)**                       
  ***Sex*, *Male***                                              113 (77)                                                    596 (47)                        \<0.001
  ***Hypertension***                                             40 (27)                                                     503 (40)                        0.004
  ***Diabetes***                                                 8 (6)                                                       182 (14)                        0.003
  ***Tobacco Smoking***                                          108 (74)                                                    404 (32)                        \<0.001
  ***Obesity (\> 30 BMI)***                                      55 (38)                                                     694 (55)                        \<0.001

\*: interquartile range

^†^: High-Density Lipoprotein

^‡^: Low-Density Lipoprotein

[Table 3](#pone.0228326.t003){ref-type="table"} outlines the CAD-RADS scores among marijuana users versus nonusers. A total of 10 (6.8%) of the 146 marijuana users as compared to 191 (15.0%) of the 1274 nonusers had CAD on CCTA (p = 0.008). The negative association between marijuana use and premature CAD disappeared after accounting for known CAD risk factors including advanced age, diabetes, and hypertension in a logistic regression analysis (SE = 0.344; 95% CI 0.299--1.15; p = 0.12, see [Table 4](#pone.0228326.t004){ref-type="table"}).

10.1371/journal.pone.0228326.t003

###### Results of CCTA[\*](#t003fn002){ref-type="table-fn"} among marijuana users vs nonusers.

![](pone.0228326.t003){#pone.0228326.t003g}

  CAD-RADS SCORE [†](#t003fn003){ref-type="table-fn"}   Marijuana Users n (%)   Marijuana Nonusers n (%)
  ----------------------------------------------------- ----------------------- --------------------------
  ***0***                                               136 (93.2)              1080 (84.8)
  ***1***                                               5 (3.4)                 100 (7.8)
  ***2***                                               3 (2.1)                 55 (4.3)
  ***3***                                               1 (0.7)                 20 (1.6)
  ***4***                                               1 (0.7)                 16 (1.3)
  ***5***                                               0 (0)                   0 (0)

CAD-RADS score of 3 or greater corresponds to stenosis of 50% or greater in any of the major coronary vessels, and may represent hemodynamically-significant CAD

\*: Coronary CT angiography

^†^: Coronary Artery Disease---Reporting and Data System

10.1371/journal.pone.0228326.t004

###### Multivariate analysis of CAD risk factors.

![](pone.0228326.t004){#pone.0228326.t004g}

                                                  B          Standard Error   Wald    df       P-Value   Exp(B)   95% CI for EXP(B)           
  ----------------------------------------------- ---------- ---------------- ------- -------- --------- -------- ------------------- ------- -------
  *Step 1*[\*](#t004fn001){ref-type="table-fn"}   **Age**    0.065            0.012   29.908   1         0.000    1.067               1.042   1.092
  **Diabetes**                                    0.543      0.202            7.233   1        0.007     1.720    1.159               2.555   
  **Hypertension**                                0.259      0.165            2.477   1        0.115     1.296    0.938               1.789   
  **Marijuana Use**                               \- 0.534   0.344            2.414            0.12      0.586    0.299               1.15    

\*: Variable(s) entered on step 1: Marijuana

A total of 36 (18.8%) of the 191 nonusers with CAD had hemodynamically significant disease on CCTA. This ratio is comparable in marijuana users with 2 (20%) of the 10 marijuana users with CAD showing evidence of hemodynamically significant disease on CCTA. One marijuana user had an estimated 70% stenosis in the proximal left anterior descending artery on CCTA (CAD RADS score = 4). This patient was the only marijuana user to undergo further cardiac testing. Exercise stress testing performed within 24 hours of CCTA did not induce any hemodynamic instability or obvious ischemic changes on ECG. Myocardial perfusion single-photon emission computed tomography (SPECT) showed no inducible ischemia or prior myocardial infarction (MI). No conventional coronary angiography was performed on this patient or any of the other patients using marijuana during the study period.

Discussion {#sec012}
==========

The results demonstrate a relatively low frequency of CAD in a younger, marijuana-using patient subgroup. A study evaluating this same young to middle age patient cohort published by our group in 2018 determined that advanced age, hypertension, diabetes and elevated triglycerides were the predominant risk factors for the development of premature CAD \[[@pone.0228326.ref009]\]. On the contrary, this study demonstrates that marijuana use may have a neutral effect against the development of CAD in young to middle aged adult patients.

Basic science research has identified that tetrahydrocannabinol, the active compound in marijuana, activates both CB1 and CB2 receptors. Activation of CB1 receptors has been shown to be pro-atherogenic as a result of increased inflammation, whereas activation of CB2 receptors has been shown to be anti-atherogenic as a result of decreased inflammation \[[@pone.0228326.ref011]\]. Thus, the effects of marijuana on atherosclerosis may be organ-specific depending on the relative concentration of CB1 to CB2 receptors. These results indicate that marijuana is not likely to be pro-atherogenic with respect to the coronary arteries. Additional basic science research in this area is necessary to further explore this relationship.

The Coronary Artery Risk Development in Young Adults (CARDIA) study, a longitudinal cohort study that included 4286 marijuana users, demonstrated that cumulative lifetime and recent marijuana use had no association with CAD, corresponding with our findings \[[@pone.0228326.ref012]\]. Additionally, the CARDIA study also demonstrated that in patients with a history of MI, smoking marijuana increases the risk of recurrent MI. Exclusion criteria in our study excluded patients with history of MI, so direct comparison of this finding with our study cohort cannot be made.

Marijuana can increase sympathetic nervous system activity causing an increase in heart rate. It can also increase systolic and diastolic blood pressures and may cause coronary vasospasm \[[@pone.0228326.ref013]--[@pone.0228326.ref016]\]. It is by these mechanisms whereby marijuana is postulated to increase myocardial oxygen demand and potentially increase a patient's risk of acute coronary syndrome (ACS) or anginal chest pain. Our study did not evaluate these relationships and was limited to determination of CAD risk in younger patients. Further studies are required to determine the association, if any, between marijuana and ACS.

Overall, we noted a relatively high number of young patients presenting with chest pain and marijuana use. In addition to anxiety, sympathetic nervous system activation by marijuana may have caused the anginal symptoms among our young patients. Transient coronary vasospasm is also a potential cause as suggested by a few published case reports \[[@pone.0228326.ref014]--[@pone.0228326.ref016]\]. Although CCTA has excellent negative predictive value for diagnosing CAD \[[@pone.0228326.ref017]\], Kang et al. found poor sensitivity of CCTA for diagnosing coronary vasospasm \[[@pone.0228326.ref018]\]. This is another topic that requires further investigation in patients using cannabis.

Concerning usage of other drugs among this young patient cohort, previously published findings demonstrated no association between the development of premature CAD and recent cocaine use \[[@pone.0228326.ref009]\]. Further studies are also necessary to determine any potential association between other substances of abuse, such as methamphetamine or heroine, and premature CAD.

Study limitations {#sec013}
-----------------

Marijuana users were identified by either self-reporting or a positive urine toxicology screen within one year of presentation for chest pain. However, it was not possible to determine the manner of marijuana ingestion (vaporizers, cigarettes, food, oils, etc.) based on retrospective chart review. The multiple possible forms of ingestion also make it difficult to quantify the amount of marijuana used as it is not as straightforward as determining the number of pack-years for cigarette smoking. The duration of use was also unavailable to us in the charts. This did not allow for the assessment of a dose-response relationship between marijuana and CAD. Diagnostic tests that involve measurement of fractional flow reserve may be more accurate than CCTA in detection of CAD, yet these are not routinely performed in assessment of patients in the ED setting and were not available for this retrospective study.

The baseline demographic characteristics of marijuana users and nonusers varied significantly leading to potentially significant confounding variables. One possible way to account for this is propensity score matching. However, this was not possible because of the limited number of marijuana users (10.3%) compared to nonusers (89.7%) in our patient population.

Conclusion {#sec014}
==========

There is no association between marijuana use and the presence of coronary artery disease on coronary CT angiography in young to middle aged patients presenting with chest pain. Our results correlate with findings from the CARDIA study and other recent publications. Additional research is needed to evaluate potential long-term effects of cannabis with relation to coronary artery disease.

10.1371/journal.pone.0228326.r001

Decision Letter 0

den Uil

Corstiaan

Academic Editor

© 2020 Corstiaan den Uil

2020

Corstiaan den Uil

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

12 Dec 2019

PONE-D-19-31969

Marijuana Use and Coronary Artery Disease in Young Adults

PLOS ONE

Dear Dr. Burt,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Jan 26 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Corstiaan den Uil

Academic Editor

PLOS ONE

Journal requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at <http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: I Don\'t Know

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Overall, a well written and interesting article. Few points that concern me regarding the whole overarching way that CAD was evaluated in this population - namely using coronary CT.

\- if you read any guideline outlining evaluation of chest pain in the ED, it does NOT usually jump straight to coronary CT (ex: <https://www.uptodate.com/contents/evaluation-of-emergency-department-patients-with-chest-pain-at-low-or-intermediate-risk-for-acute-coronary-syndrome#H24> )

\- which makes me wonder - were these CTs ordered on appropriate people in the first place? They are meant to be used as a rule-out in those of low to intermediate risk for the most part

\- And if that is the case - that they were ordered on people of low risk of having CAD - isn\'t it expected that you would find no difference in CAD between the two groups (since they both in theory should not have much, if any?)

\- Use of coronary CT to evaluate CAD without using FFR may not yield as specific of results. Traditional CAD RADS does not assess for FFR <https://cdn.ymaws.com/scct.org/resource/resmgr/cad-rads/scct_jcct_cad-rads.pdf>

\- You should just outline the pitfalls of all of this in the article

Next, another few questions:

\- power calculations for group sizes? IE are there enough marijuana users for you to say these conclusions?

\- why were no troponins compared between groups?

\- were these patients seen and evaluated by a cardiologist before the CT was ordered, or was this done by the ED?

Finally, a few comments about specific lines of the article.

61 - this sentence outlines two very opposite effects, so maybe this should be expanded on (ie: increased BP and hypotension)

63 - this sentence could be more clear. I also don\'t have access to the article in reference \#2 - did they really say stroke index? Or was this supposed to be stroke volume index, or just plain stroke volume?

93 - not sure that I agree with using a one time marijuana detection on urine screening to say whether or not a person used marijuana around the time of their chest pain presentation. I think this should be commented on in the limitations section

96 - definition of hypertension is not correct, because we would never say someone has hypertension after seeing them in the ED with a SBP \>140 while they were in hospital presenting with chest pain. Maybe if their SBP was much greater. This should be a limitation in study. Or potentially you could reanalyze after removing all those with those HTN definitions.

132 - interesting that there was 50% females\.... which is not traditionally the same percentage of all comers with MIs

147 - requires clarification. Maybe \"A total of 36/191 of the nonusers with scores \>1\...\"

148 - I think your phrasing in this part shows bias. \"Only 2/10\" implies that this is a small number, though percentage wise it is (nonstastically) more than the other group.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0228326.r002

Author response to Decision Letter 0

9 Jan 2020

Review

1\. Overall, a well written and interesting article. Few points that concern me regarding the whole overarching way that CAD was evaluated in this population, namely using coronary CT. if you read any guideline outlining evaluation of chest pain in the ED, it does NOT usually jump straight to coronary CT (ex: <https://www.uptodate.com/contents/evaluation-of-emergency-department-patients-with-chest-pain-at-low-or-intermediate-risk-for-acute-coronary-syndrome#H24> ). Which makes me wonder - were these CTs ordered on appropriate people in the first place? They are meant to be used as a rule-out in those of low to intermediate risk for the most part

• CCTA was not the initial diagnostic test performed for patients presenting to the ED with chest pain in this study. It was performed where deemed appropriate by the ED physician or the cardiologist consulted. The joint guidelines by American College of Radiology Appropriateness Criteria Committee and the American College of Cardiology Appropriate Use Criteria Task Force list CCTA as an appropriate diagnostic modality for both patients with equivocal initial diagnosis of NSTEMI/ACS and those with low/intermediate likelihood initial diagnosis of NSTEMI/ACS.

<https://www.jacr.org/article/S1546-1440>(15)00680-8/pdf

2\. If that is the case - that they were ordered on people of low risk of having CAD - isn\'t it expected that you would find no difference in CAD between the two groups (since they both in theory should not have much, if any?)

• A major strength of cCTA is its high sensitivity and negative predictive value. As such, we believe it would be an appropriate modality to detect CAD if present in low or intermediate risk patients.

3\. Use of coronary CT to evaluate CAD without using FFR may not yield as specific of results. Traditional CAD RADS does not assess for FFR <https://cdn.ymaws.com/scct.org/resource/resmgr/cad-rads/scct_jcct_cad-rads.pdf> .You should just outline the pitfalls of all of this in the article

• This has been addressed in the section on study limitations.

Questions

4\. Power calculations for group sizes? IE are there enough marijuana users for you to say these conclusions?

• We initially expected to see a difference in incidence of CAD between marijuana users and non-users.

• The following parameters were used to calculate our sample size: percentage of patient population who use marijuana (10%); incidence of CAD in marijuana users (10 %); incidence of CAD in non-users (20%); alpha (0.05); power (0.8).

• The estimated sample size for non-users: 1171; users: 117. The population size of our study was non-users: 1274; users: 146. This leads us to believe that our study was appropriately powered to detect statistically significant difference between the groups, if such difference exists.

5\. Why were no troponins compared between groups?

• The main goal of this study was to detect frequency of CAD on CCTA among users and non-users of marijuana presenting with chest pain. As we were not assessing frequency of ischemia and MI in our population, troponin levels were not compared between the groups.

6\. Were these patients seen and evaluated by a cardiologist before the CT was ordered, or was this done by the ED?

• The guidelines for appropriate utilization of cardiovascular imaging, published jointly by ACR and ACC, do not necessitate assessment by a cardiologist before the CCTA is ordered for a patient in the ED. Yet at our university hospital, a cardiologist is often consulted in the ED before CCTA is ordered.

Comments

7\. Line 61: this sentence outlines two very opposite effects, so maybe this should be expanded on (ie: increased BP and hypotension)

• Marijuana causes an increase in both systolic and diastolic blood pressures in supine patients. However it may also induce orthostatic hypotension and orthostatic presyncope. This has been reported in a 2016 review article by Franz et al. titled "Marijuana Use and Cardiovascular Disease" and published in Cardiology in Review. This line has been rephrased in the article to better illustrate this finding.

8\. Line 63: this sentence could be more clear. I also don\'t have access to the article in reference \#2 - did they really say stroke index? Or was this supposed to be stroke volume index, or just plain stroke volume?

• The following is quoted directly from the referenced article:

"Sonographic evaluations demonstrate that cannabis use does not change end systolic volume or cardiac index, but does decrease end diastolic volume, stroke index, and ejection fraction. These findings suggest that the cardiac effect of marijuana is mainly chronotropic; in addition, the cardiac index does not change because the increased heart rate is coupled with a decreased stroke index."

• Stroke index, as used in the referenced review, refers to stroke volume index which is also reflective of the stroke volume. The term used has been changed to stroke volume in order to avoid any confusion.

9\. Line 93: not sure that I agree with using a one time marijuana detection on urine screening to say whether or not a person used marijuana around the time of their chest pain presentation. I think this should be commented on in the limitations section

• The purpose of this study is to determine the frequency of CAD among young adults presenting with chest pain who currently use marijuana as compared to nonusers. We aimed to capture a patient population which uses marijuana habitually. The criteria used were either self-reported marijuana use or positive urine toxicology screening for marijuana during this encounter or a previous encounter within 1 year of the ED visit. Our aim was not to only capture patients who used marijuana around their chest pain presentation.

10\. Line 96: definition of hypertension is not correct, because we would never say someone has hypertension after seeing them in the ED with a SBP \>140 while they were in hospital presenting with chest pain. Maybe if their SBP was much greater. This should be a limitation in study. Or potentially you could reanalyze after removing all those with those HTN definitions.

• The blood pressure measurements that were used were taken from a patient's last clinic visit or inpatient stay and not during the current ED visit. This has been clarified in the manuscript.

11\. Line 132: interesting that there was 50% females\.... which is not traditionally the same percentage of all comers with MIs

• It is worthy to point out that the inclusion age range was wider for women than for men. Line 88: "The search was limited to patients between the ages of 18 and 40 for men, and 18 and 50 for women." This may have led to an almost 50% female patient population in our study as opposed to the male predominant chest pain patient population

12\. Line 147: requires clarification. Maybe \"A total of 36/191 of the nonusers with scores \>1\...\"

• This sentence has been rephrased to clarify its meaning

13\. Line 148: I think your phrasing in this part shows bias. \"Only 2/10\" implies that this is a small number, though percentage wise it is (nonstastically) more than the other group.

• This sentence has been rephrased to clarify its meaning
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If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Corstiaan den Uil

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

10.1371/journal.pone.0228326.r004

Acceptance letter

den Uil

Corstiaan

Academic Editor

© 2020 Corstiaan den Uil

2020

Corstiaan den Uil

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

16 Jan 2020

PONE-D-19-31969R1

Marijuana Use and Coronary Artery Disease in Young Adults

Dear Dr. Burt:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.
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